Objective: To examine and describe regional variation in outcomes for persons with stroke receiving inpatient medical rehabilitation. Design: Retrospective cohort design. Setting: Inpatient rehabilitation units and facilities contributing to the Uniform Data System for Medical Rehabilitation from the United States. Participants: Patients (NZ143,036) with stroke discharged from inpatient rehabilitation during 2006 and 2007. Interventions: Not applicable. Main Outcome Measures: Community discharge, length of stay (LOS), and discharge functional status ratings (motor, cognitive) across 10 geographic service regions defined by the Centers for Medicare and Medicaid Services (CMS).
care services. Researchers have found variation across diagnostic groups from cardiac to cancer. [6] [7] [8] [9] The presence and reasons for regional variation in the use of health services nationally have been debated in health care reform discussions. [10] [11] [12] [13] Not only does regional variation exist in service use, but it has also been noted in health care spending. [14] [15] [16] [17] A common concern is that higher service use and costs do not translate into better quality or higher satisfaction with care. 11 There is currently a heightened emphasis on reducing regional variation as part of health care reform. This discussion is described as a "win-win," where focused strategies can lead to cost savings while improving quality of care. Regional variation is an important issue for providers, payers, and policy makers as they attempt to improve efficiency and maximize the quality of health care delivery systems. 18 A few studies [19] [20] [21] [22] [23] [24] [25] [26] have examined regional differences in postacute rehabilitation services and outcomes. Researchers studying the use of postacute care after stroke and other common diagnoses found significant regional variation, which they attributed, in part, to practice styles, facility availability, and regulations. 22 A study of disparities in postacute care in Arizona, Florida, New Jersey, and Wisconsin, by Freburger et al, 26 found significant regional differences in IRF and skilled nursing facility (SNF) use after adjusting for individual, facility, and state differences. Other studies [27] [28] [29] examining SNF rehabilitation after hip replacement found significant regional differences in the amount of treatment provided. Differences in physical and occupational therapy services in stroke rehabilitation have also been reported. 23, 30 Understanding how geographic variability is associated with outcomes will help rehabilitation professionals and administrators implement practice guidelines and quality improvement programs designed to improve care in areas with poor outcomes. 31 An important step in this process is to describe region-specific outcomes of rehabilitative care at the national level.
The purpose of this study was to examine, in a large national sample, regional differences in stroke rehabilitation outcomes, including (1) length of stay (LOS), (2) functional status (discharge motor and cognitive status, overall functional change), and (3) the percentage of patients discharged to the community. Conceptually, variation in health service use and rehabilitation is linked to geography as well as demographic, clinical, and other factors that influence care decisions and resource utilization. 26, [32] [33] [34] Our study was guided by Kane and Radosevich's 35 conceptual model for health outcomes research. We categorized variables that influence rehabilitation outcomes into demographic, clinical, and regional factors (fig 1) .
Our main focus was to provide basic descriptive information regarding regional variation in outcomes for persons receiving inpatient rehabilitation after a stroke. Based on the conceptual model, our previous research and clinical experience, and the existing literature, we hypothesized that differences in outcomes would be present across regions after adjusting for demographic and clinical factors.
Methods

Data source
We used a retrospective cohort design to examine inpatient rehabilitation records across 10 geographic regions. Data were obtained from the Uniform Data System for Medical Rehabilitation (UDSMR). The UDSMR database is the largest nongovernmental data repository for inpatient medical rehabilitation information in the United States. 36 The UDSMR database includes patient records starting in 1987 for 850 to 900 rehabilitation hospitals or facilities across the nation. For this study, we used patient demographics, clinical information, and rehabilitation outcomes from 2006 and 2007 contained in the UDSMR database.
Study sample
The sample included individuals with stroke based on International Classification of Diagnosese9th Revision codes (430e433.9, 436, 439). The eligible sample included adults between the ages of 18 and 100 years who were living at home before their acute stroke and were discharged from an IRF in 2006 or 2007 (NZ167,450 patient records). A patient record was excluded if it was not an IRF admission for initial rehabilitation (nZ9700). Records were also excluded if they reflected an atypical course of rehabilitationdfor example, >30 days from acute event to IRF admission (nZ11,577), an IRF stay <3 days (nZ2997), or >3 SDs of the logarithm for LOS (nZ1523). Records with missing data for key variables (eg, age, discharge setting) were excluded (nZ1859). We included patients with program interruptions (nZ1340). These records represented 1% of the sample and in our sensitivity analysis did not influence the results. Given that program interruptions represent patient stays that were distributed across regions, we chose to leave these records in our analysis. The final sample included 143,036 patients, which represents approximately 85% of the eligible patient records.
Study variables
Based on our experience with stroke outcomes studies using large national datasets, [37] [38] [39] [40] we examined 3 common stroke rehabilitation outcomes. Consistent with our conceptual model, we entered demographic characteristics, clinical factors, and geographic region as covariates.
Community discharge
Discharge settings in the UDSMR database are grouped into categories. Community includes home, board-and-care settings, transitional living, and assisted living. Long-term care includes nursing home, SNFs, chronic hospitals, and other alternative care settings. Acute care includes discharges to units in the same facility as well as other acute facilities. Rehabilitation includes settings in other facilities or subacute settings within the same IRF. In this study, we dichotomized discharge settings into those returning to community and those needing institutional levels of care.
List of abbreviations:
CI confidence interval CMS Centers for Medicare and Medicaid Services IRF inpatient rehabilitation facility IRF-PAI Inpatient Rehabilitation FacilityePatient Assessment Instrument LOS length of stay OR odds ratio SNF skilled nursing facility UDSMR Uniform Data System for Medical Rehabilitation Length of stay Rehabilitation LOS was calculated as the total number of days spent in the inpatient medical rehabilitation unit or hospital.
Functional status
Motor and cognitive function at discharge and overall functional gain were assessed with the FIM instrument. In 2002, the items from the FIM instrument were incorporated into the Inpatient Rehabilitation FacilityePatient Assessment Instrument (IRF-PAI). 41 The FIM instrument is a standardized measure of disability and burden of care that is used in IRFs across all geographic regions. 42 The FIM instrument is administered within 3 days of admission and 3 days of discharge and includes 18 items that cover 6 functional subscales: self-care, sphincter control, transfers, locomotion, communication, and social cognition. The first 4 subscales denote the motor domain, and the latter 2 denote the cognitive domain. All items are measured on a 7-point scale from 1 (total assistance) to 7 (complete independence). Motor domain ratings range from 13 to 91, with cognition ratings ranging from 5 to 35. Overall FIM ratings range from 18 to 126. Functional change was defined as the difference between admission and discharge FIM ratings. 37, 43, 44 The reliability and validity of the FIM instrument have been studied extensively in patients with stroke and other impairments. 45 
Demographic factors
Demographic variables known to influence rehabilitation outcomes 46, 47 were used as covariates. These factors included age, sex, race/ethnicity, marital status, and insurance status. Race/ethnicity was coded as non-Hispanic white, black, Hispanic, and other. Marital status was dichotomized as married versus unmarried/single. Insurance status was classified as Medicare, Medicare managed care, Medicaid, managed care, commercial insurance, and other.
Clinical factors
Clinical factors included stroke type, comorbidities, and admission functional status. Stroke types included ischemic, hemorrhagic, and other. We used the CMS tier system to classify comorbidity level. CMS tiers reflect specific comorbidities that influence rehabilitation service use. 42, 48 Studies 49,50 of inpatient rehabilitation including stroke have shown that tier levels influence outcomes of care. We considered the sum of each patient's comorbid conditions included in the IRF-PAI to reflect medical severity. This approach has a potential ceiling effect because IRF-PAI limits the number of comorbid diagnoses to 10. We considered the Elixhauser and Charleson indices but were not able to use these methods because we did not have access to acute care records and could not develop an accurate score based on a "lookback" period.
Geographic region
The geographic region variable was the CMS regions. CMS has 10 offices monitoring health care at the regional, state, and local level. 51 Consistent with CMS regions, UDSMR patient records were categorized into the following regions by state: We dummy coded CMS region for inclusion in our models.
Data analysis
Demographic and clinical characteristics, along with outcomes, were stratified by CMS region and examined descriptively using measures of central tendency and proportions. Linear regression was used with continuous outcome measures to determine regionspecific LOS and discharge FIM ratings (motor, cognitive, change). Logistic regression was used for community discharge by region. Reference categories for nominal covariates were identified based on unadjusted descriptive percentages; the most frequent category was selected for all variables. For the region variable, CMS 10 was used as the reference category because that region had the lowest unadjusted LOS with the highest community discharge percentage and highest mean admitting functional status ratings across all regions.
We used an ordinary least-squares method to adjust for demographic and clinical factors at admission to calculate regionspecific outcomes. Standard regression diagnostics (goodness of fit, multicollinearity, homoscedasticity, outliers) were computed for each of the models examining a primary outcome. 52 Finally, we constructed maps showing regional outcomes for the typical stroke patient using ArcGIS 10 software.
a All other analyses were conducted using SPSS version 19. 
Results
The sample was 51.6% women with a mean age AE SD of 70.6AE13.5 years. Fifty percent of the sample was married. The sample was 71.9% non-Hispanic white. The portion of nonHispanic white varied from 59.1% in CMS region 2 to 88.5% in CMS region 8. The most common stroke type was an ischemic event (76.7%), which varied across CMS regions from 71.8% for region 9 to 81.5% for region 1. CMS region 4 (southeast) had the highest number of patients with stroke (nZ28,522) representing 21% of the sample (table 1) . Overall, 17.9% of the sample was classified with low-level tier comorbidity, with 1.7% moderate and 2.0% high tier. Mean admission FIM ratings ranged from 52.9 in CMS region 1 to 64.5 in CMS region 10. The pattern across the regions was similar for both cognitive and motor domains at admission. The 2 largest primary insurance carriers were Medicare at 62% and private commercial insurance at 16%. Insurance status varied across CMS regions, with the Medicare percentages ranging from 67.5% in CMS region 6 to 54.9% in CMS region 2.
The unadjusted mean LOS varied across regions from 14.5 days (CMS 10) to 18.9 days (CMS 1) (see table 2 ). The regression analyses for the continuous outcome measures indicated that LOS for region CMS 5 was significantly lower than that for CMS 10 (16.6d), which was at the national median (CMS 5: bZÀ.37; 95% confidence interval [CI], À.62 to À.12), while CMS 8 (bZ1.15; 95% CI, .82e1.48) and CMS 1 (bZ1.70; 95% CI, 1.40e2.00) were significantly above. Overall, adjusted LOS varied by 2.1 days across the 10 CMS regions (fig 2, table 3 ). Compared with persons who were non-Hispanic white, persons who were Hispanic had shorter LOS (bZÀ1.03; 95% CI, À1.21 to À.85). For clinical characteristics, higher admission motor ratings were associated with shorter LOS (bZÀ.39; 95% CI, À.40 to À.39). Compared with nontier comorbidities, both medium tier (bZ2.36; 95% CI, 2.05e2.67) and high tier (bZ.99; 95% CI, .70e1.29) groups had longer LOS.
The unadjusted community discharge percentages ranged from 62.0% to 81.9% regionally. For persons who were institutionalized, the largest percentage (44.1%, nZ18,351) was in long-termcare settings. After entering covariates, the average community discharge percentage across all CMS regions was 69.0% The adjusted percentage of individuals discharged to the community varied from 79.1% in the Southwest (CMS 9) to 59.4% in the Northeast (CMS 2). Figure 3 shows a map of the adjusted differences in community discharge across CMS regions. The logistic regression analysis indicated that married patients were more likely to return to the community (odds ratio [OR] Z1.70; 95% CI, 1.65e1.75). Compared with non-Hispanic white patients, other race/ethnic groups had greater odds of community discharge. The OR was 1.20 (95% CI, 1.16e1.25) for blacks and 1.41 (95% CI, 1.33e1.50) for Hispanics. Higher FIM instrument motor and cognitive ratings at admission significantly increased the likelihood of community discharge (motor ORZ1.08 [95% CI, 1.08e1.08]; cognitive ORZ1.03 [95% CI, 1.03e1.03]), while patients with comorbid conditions were less likely to return to the community (see table 3 ).
Unadjusted mean total FIM discharge ratings ranged from 78.0 (CMS 4) to 89.6 (CMS 10) across regions. After controlling for covariates, the mean FIM change was 26 points with a 4.7-point difference across regions. Most of this difference was due to changes in motor ratings, which varied by 3.5 points across regions. In the adjusted analyses, persons in the black and Hispanic race/ethnic groups demonstrated significantly less change in function compared with non-Hispanic whites. Likewise, persons in a tier comorbidity category had significantly less change in FIM ratings than patients without a tier comorbidity. Table 3 shows the regression coefficients for discharge motor and overall change in FIM instrument ratings.
Discussion
The purpose of our study was to explore regional variation in postacute medical rehabilitation outcomes. The findings suggest there are regional differences, most notably in community discharge rates and LOS. Regional variation in rehabilitation outcomes remained after controlling for the extensive variability in observed patient characteristics and clinical factors across regions.
Discharge to the community has been identified as an important outcome and quality indicator for inpatient rehabilitation. 53 The finding of a 20% difference in community discharge rates across CMS regions suggests that complex environmental and social factors along with patient demographics and clinical factors contribute to discharge outcomes for patients receiving stroke rehabilitation in ways we currently do not understand. The region with the highest percentage of community discharge after adjusting for basic patient and clinical variables was the Southwest (CMS 9, 79.1%), while the lowest region was the Northeast (CMS 2, 59.4%). These 2 regions represent diverse geographic areas with different types and availability of resources to assist individuals attempting to reintegrate into the community after a stroke. There were obvious differences in demographic and clinical factors across regions; for example, CMS region 2 included fewer Medicare patients and demonstrated greater racial/ ethnic diversity. Both of these factors can influence discharge decisions, with persons from underrepresented groups discharged home at higher rates. 54 Recent research has also suggested that Medicaid beneficiaries from underrepresented groups are less likely to receive institutional care than non-Hispanic whites. 26 Differences among racial/ethnic groups and health insurance status highlight the need to adjust for demographic and clinical factors in our analyses. These are complex issues involving many potential confounds. Howard et al 55 examined these complex relationships in the study Reasons for Geographical and Racial Differences in Stroke (REGARDS). REGARDS is a prospective, population-based observational study of 30,239 adults older than 45 years. We are also exploring regional variation using a smallarea analysis approach based on hospital referral regions rather than the large-area analysis involving CMS regions reported in this study. We believe hospital referral regions will provide a more sensitive approach to examine the influential factors identified in the current study.
We considered whether the difference in community discharge might be attributable to access or volume but discarded these hypotheses since the 2 regions with the largest disparity in community discharge had comparable numbers of facilities capable of treating an equivalent volume of patients. With respect to facility networks and referral patterns, we were unable to examine availability of alternative postacute care venues, which has been shown to influence admission to inpatient rehabilitation. 56 Information regarding alternative postacute care facilities was not available in our dataset, and this is an important area for future research.
When examining LOS, regional differences have important resource and cost implications. The median LOS across the 10 regions was 16.6 days (CMS 3 and 10). Based on the regression analyses, the 2 regions with the shortest LOS (CMS 5 and 9) are approximately half a day shorter than the median. After adjusting for relevant covariates, there is a 2.1-day difference between the regions with the lowest and highest mean LOS. In fiscal year 2006, the mean cost per patient day for inpatient medical rehabilitation for stroke ranged from $900 to $1100 depending on severity and estimated service use. 57 In 2010, the mean per-day cost for inpatient medical rehabilitation across all impairment groups was $1304. 1 Our results indicate that functional status and change in function as measured by the FIM instrument are relatively stable across regions. All CMS regions demonstrated functional change of approximately 25 points from admission to discharge, reflecting improvement in functional independence during rehabilitation for persons with stroke. 58 Across regions, the mean difference in functional change was less than 5 points, suggesting that change did not vary substantially. The stability of functional assessment data is consistent with prior research showing acceptable reliability for the FIM instrument across IRF impairment groups and treatment settings. 45 The goal of identifying differences in rehabilitation outcomes across geographic regions is to ultimately develop programs and identify administrative processes or structural changes that can be implemented to improve individual patient independence. In the Donabedian 59 framework of structure-processeoutcomes, process measures are often preferred because they are closer to outcomes and may lead more directly to interventions to enhance outcomes. 34, 60 In general, rehabilitation outcome researchers are limited by a lack of accepted process measures. 60 This is true for our investigation as well.
Minimizing regional variation by improving care in lowerperforming regions has been demonstrated to lead to higher quality and patient satisfaction in acute care settings. 11 It is logical that similar improvements might be seen in postacute care venues including inpatient rehabilitation. Our study is an initial step to better understanding how process, structure, and outcomes vary geographically for inpatient medical rehabilitation services. This is a complex issue that cannot be resolved by a single investigation. We have started the exploration of postacute geographic variation in rehabilitation outcomes at a macro level by focusing on CMS regions. We realize this is a crude approach, but it provides important information in identifying areas and directions for future research. For example, we are currently examining discharge setting and LOS information in the CMS Medical Provider Annual Review (MedPAR) and the IRF-PAI files using hospital referral regions.
Study limitations
In addition to the limitations associated with the CMS regions and the lack of process measures in the UDSMR dataset, our study has some other weaknesses. The UDSMR data provide excellent information regarding the person's inpatient rehabilitation experience. It does not, however, include information about services received before rehabilitation admission, or treatment provided in the acute care setting. We also did not have detailed facility-level information, such as number of beds, type of staff, or hours and intensity of services provided to patients. As with all large administrative datasets involving secondary data analysis, there are potential issues with coding accuracy and data integrity. Facilities that submit information to the UDSMR are required to complete a credentialing process. Previous research has demonstrated excellent reliability for the collection of the functional status information included in the UDSMR data files. 45 Discharge to community is an area where we found substantial variation across CMS regions. We believe discharge destination and transition to the community are important topics for future research. Previous studies 57, [61] [62] [63] have demonstrated the central role of clinical, social, environmental, and functional performance factors in successful home and community reintegration. Proximity and availability of rehabilitative facilities is an obvious factor potentially influencing discharge destination that we were not able to examine at the level of the CMS regions, 20 and this is another important topic for future research.
Conclusions
Understanding regional variation related to community discharge is an essential step in developing strategies for care transition. Future research to define and establish these strategies will be important for medical rehabilitation and other postacute care settings as components of the Affordable Care Act, including accountable care organizations, medical homes, and bundled payments, are implemented as part of health care reform. Rehabilitation investigators should be active contributors to this process.
